Introduction
The digital interchange of food composition data (FCD) has been common for approximately two decades. However, computational or large-scale data interchange has been rather limited, in contrast to many other fields. In fact, data interchange seems to be common only in the case of disseminating FCD using food composition websites. However, there have been occasional exceptions, for example, with the Central and Eastern European Countries Food Data Systems network (Holcíková, 2000) or the European Prospective Investigation into Cancer nutrient database project (Slimani et al., 2007a) . Perhaps the most common way that FCD interchange happens is case-by-case and through the use of spreadsheets. This manual work and the need for expert knowledge make it cumbersome, prone to error and expensive.
There are various reasons why digital data interchange is rare and mostly not automated. Existing standards, such as the International Network of Food Data Systems (Scrimshaw, 1997) and Eurofoods (Schlotke et al., 2000) , may not cover the current needs of FCD users. Moreover, the harmonisation of existing FCD sources may not have been optimal, leading to incompatibilities between different systems (see Slimani et al., 2007b) . In addition, the different organisations compiling FCD have their own missions and Information Technology (IT) policies, making the standardisation of the FCD infrastructure challenging. At the same time, FCD are increasingly used outside their traditional areas; for example, in risk analysis. Moreover, it is estimated that advances in IT that allow for rapid transmission of large data volumes (for example, fourth generation of cellular wireless standards) foster the development and dissemination of food information through multiple channels (Bell et al., 2008) .
The European Food Information Resource (EuroFIR) Network of Excellence has tried to respond to this challenge . So far, the EuroFIR project has managed to produce several specifications regarding FCD interchange (Becker et al., , 2008 Møller and Christensen, 2008; Pakkala et al., 2008a, b) . Efforts to develop FCD standards have even led to the establishment of a technical committee within the European Committee for Standardization (CEN, 2009) . This paper aims to give a general picture of EuroFIR's framework for an FCD interchange system based on EuroFIR specifications, and shares experiences in its development. Currently, the implementation of this interchange system is at the early production level. Even though the system is designed for the EuroFIR project, the authors think that the concept will also prove to be useful elsewhere.
Requirements for a Europe-wide FCD interchange network
The main goal of the EuroFIR project has been to develop and disseminate a comprehensive, coherent and validated data bank or food information resource that can provide a single, authoritative source of FCD. Consequently, the aim was to design and implement a computer system matching this goal. Using this system, it should be possible to interchange FCD, particularly between the large FCD providers, usually national food compilers (that is, those experts who collect and assess the data to be used in the food composition databases (FCDBs)). Moreover, the system should be suitable for disseminating the collected FCD to users who are not national food compilers or are not involved in the EuroFIR project. The system was designed to be used for data interchange between FCDBs following the requirements, common concepts and data entities defined by EuroFIR (Becker et al., , 2008 . In addition, data interchange was envisaged as a regularly carried out procedure and not an operation performed once during the project. Another prerequisite was to use existing and widely supported standards.
In contrast to rather detailed requirements for FCD, user requirements were rather open and detailed use case analysis was not available. In fact, experience was limited to the use of a single FCD resource. Large-scale data interchange networks, such as the one developed within EuroFIR, had not been implemented previously. The obvious choice was therefore to start with the most apparent usage requirements and to design the system around those, but to make it flexible enough so that it would be relatively easy to modify and expand in the future.
Interchange framework based on common interfaces
Building the system to match set requirements meant defining web service interfaces and a query language that could be used by 20-30 partners from different countriesthe main FCD compilers in Europe-with various IT infrastructure and resources. Three different implementation models were considered to fulfil the basic conditions: (1) single data centre; (2) centralised infrastructure using common maintenance of the IT infrastructure and distributed local data storages; (3) common interfaces, distributed local data storages and local implementation with common software using the interfaces (see also Møller et al., 2007) .
It was decided to base the interchange framework on common interfaces (option 3). An advantage of this option is that the local partners have more control over their FCD, which will increase commitment and improve quality. Moreover, in a network of independent partners with no access to or control of partners' IT policy or IT infrastructure, it was not possible to use a traditional data centre or centralised infrastructure. Figure 1 describes the main parts of the EuroFIR data interchange system. 
Interchange format using XML data transfer packages
Data interchange needs a defined format suitable for the task. As interchange of FCD has happened mainly between national FCDBs, the format had to be capable of carrying enough information and had to be based on EuroFIR requirements for FCDBs. Moreover, the interchange format was envisaged as a computerised interchange; that is, the interchange package would be created and processed by a computer program.
It was decided that the interchange format should be based on Extensible Markup Language (XML) (W3C (World Wide Web Consortium), 2008a). XML is a general-purpose markup language that is commonly used in sharing structured data, especially over the Internet. No existing interchange format fulfilling our requirements was available; hence, the XML-based EuroFIR Food Data Transport Package (FDTP) was designed for this task. The detailed structure of this package is described elsewhere (Møller and Christensen, 2008) . The package is a comprehensive, food-oriented compilation of FCD using standard vocabularies in the data description. Moreover, it includes information about the package provider and other information needed in the interpretation of the content, such as specification of the standard vocabularies.
The package is implemented using XML and documented with a W3C (World Wide Web Consortium) XML schema file (Pakkala et al., 2009) . This makes it possible to validate the XML data file against its XML schema and check that the structure of the package is correct. However, for more complicated checks between the elements and for making semantic checks (for example, to decide whether an energy value is too high), other methods (that is, special programmes) should be considered.
The FDTP defines the structure of a data interface file. It does not, however, define how the FCD should be ordered, presented or processed. Those are tasks for other computer systems (for example, the EuroFIR eSearch facility) that process data after the interchange.
There are also cases in which the food-oriented structure of FDTPs is not adequate; for example, for delivering food component lists or background information of the local data. This type of information is often needed in the maintenance of the interchange network. The EuroFIR Metadata Transport Package was designed for such purposes. The detailed structure of this package is described in the system specifications (Pakkala et al., 2008b) .
Query interface with FDQL
As mentioned before, there were no detailed user requirements for the query options. However, the FCD itself have some central data entities: food, component, and component value. Consequently, we estimated that most queries would rely on the use of these entities. Moreover, EuroFIR's FCDB requirements defined certain entities as mandatory (Becker et al., 2008) , and hence it was decided to prioritise these entities in the queries. In addition, EuroFIR had already carried out one important harmonisation step: the foods in most European FCDBs have been thoroughly described using LanguaL food description (Ireland, 2007; Møller and Ireland, 2008 ; find more information on LanguaL in the article by Ireland and Møller in this supplement) and this is used for responding to queries. However, it was difficult to limit the possible combinations of the query elements. Food composition is a complex issue and finding the right answer to some ad hoc problems can be a complex and unique task. Therefore, the Food Data Query Language (FDQL) was designed as a flexible XML-based query language in machine-to-machine interactions.
The FDQL is a structured, abstract-level query language using controlled vocabularies. It has been described more thoroughly elsewhere (Pakkala et al., 2008b) . Abstractness in this context means that queries make use of defined entities (for example, food), although the data structures behind the entities may be implemented differently in the different FCDBs. Harmonisation covers only the requirements for FCDBs and not the structure (for example, tables, column or relations). This means that the query has to be translated according to the local conditions. However, this query language interface gives flexibility and enables extension from simple queries to very complex demands. The FDQL slightly resembles the widely used Structured Query Language. The FDQL sentence is realised using XML and the structure and vocabularies are controlled using specially designed W3C XML schemata.
EuroFIR eSearch facility for end users As our interchange format and query language format were meant for computerised operations, they are not suitable for end users (for example, food compilers) and a user-friendly interface is required. The aim of this end-user interface is to provide different ways to query FCD and to convert user queries into more formal queries in FDQL. Moreover, this interface will combine results of the queries (as data interchange packages) and present the overall result to the end user. The EuroFIR eSearch facility (EuroFIR AISBL, 2010) was designed for these tasks. Currently, the EuroFIR eSearch facility can provide 25 national data sets that together contain more than 20 000 food items.
Technical solution-EuroFIR Web Services
The data interchange system was realised using web services; that is, web-based applications communicating over the Internet (W3C, 2008b) . The EuroFIR Web Services consist of eight different web services (Table 1 ). The web service GetFoodInformation takes care of most of the data retrieval operations, whereas other web services produce additional information mainly used for internal communication between different parts of the system.
The EuroFIR Web Services are the interface between the end-user interface (EuroFIR eSearch facility or other tools) and decentralised FCD sources and they communicate with each other through the Internet using a request-response model. The general process flow is shown in Figure 2 give me all data you have on apples'), this request is translated into a series of partner-specific queries to the local FCDBs. The results are then compiled and sent back using the EuroFIR FDTP, which is the response to the end user. As the services use SOAP, both the request and the response are transmitted as XML messages inside SOAP 'envelopes'.
Discussion
The EuroFIR FCD interchange system is based on documented and openly published specifications, requirements, standards, algorithms and interfaces. Consequently, this means that the system is not directly dependent on any specific software or software provider and it can be implemented using different solution stacks on different platforms. Any partner implementing the system has a 'free hand' in how they implement their part of the system, provided it matches with the interface. This means that a partner can choose tools and platforms according to their own IT policy and preferences, and that parts of the system may be updated or replaced independently while the interface remains constant. This independence allows the partners to always stay in control of their FCD. Should they not be satisfied in how their FCD is used, they can 'cut the line'. Moreover, a multicentred solution is economically more viable than a centralised data bank, given the lack of national political support for multinational systems. However, decentralised data distribution means that more responsibility rests with each of the partners in terms of implementing their part of the system and quality of their FCD. Nevertheless, this strategy does not rule out cooperation between partners. Common guidelines, common tools and common solutions are needed. The functionality of the interchange system relies on the fact that FCD must be adequately documented. Harmonised food and component descriptions are also critical because, otherwise, responses to queries requesting data from different data sources will provide incompatible results. Moreover, it is important that quality assessment of a compositional value be provided (Westenbrink et al., 2009) . High quality and comparability of FCD are essential for data interchange.
The interface-based system is somewhat more technically demanding to implement than traditional methods, such as the data centre. However, it uses common and wellestablished standards (for example, XML or SOAP), which are widely used in other areas of data interchange and are supported by the most common solution stacks (databases, programming languages and tools). Using interfaces provides additional advantages: they provide flexibility and ability to extend the system. For example, the FDQL makes it rather easy to respond to completely new and unexpected demands on the end-user front-end without making any changes to the EuroFIR Web Services. The use of interfaces brings other direct advantages to the implementation: different tasks can be carried out by varying only the query language sentence and the result package format still remains the same. This means that the system may be implemented with a rather limited number of different web services.
The new EuroFIR data interchange system is the first to provide large-scale FCD interchange across Europe and the coming years will show how well it succeeds. Overall, the interchange of FCD has been rather limited in spite of the availability of mainstream technical solutions and reasonably priced channels for data interchange, especially when using the Internet. A lack of common concepts and a low level of harmonisation have been suggested as possible reasons for this. The EuroFIR project found that after defining common concepts for food, component and component value, the rest of the specifications for the data interchange were rather straightforward. Moreover, in the implementation of the specifications, there was nothing particularly cumbersome compared with a similar-sized system. The key issues were food description and value documentation and the use of defined standard vocabularies. Data interchange remains a basic procedure for these specifications. Use of the same specifications and the EuroFIR Web Services facilitates a multitude of different services that make use of user interfaces for various stakeholder groups interested in FCD. The essential factor for these new and potential services is a fully documented and available interface for existing data sources, such as the EuroFIR eSearch facility, EuroFIR Web Services or perhaps a task (data retrieval)-oriented EuroFIR portal. The Internet is full of such examples, from areas such as geospatial intelligence to social media, to name just a few. The current concept used in data interchange may foster the development and dissemination of coherent food information through multiple channels in the future.
The harmonised concepts and (currently internal) standards that made creating this data interchange system possible can be seen as cornerstones for other standards and systems. It is common practice to build new standards that rely on other existing standards. Similar concepts could be used in other areas related to food composition as well, such as food consumption. Further tasks include harmonising FCD structures and especially the food description framework with the information systems used by the food industry. This would make the new FCD interchange system useful outside the community of traditional food composition users. Therefore, dialogue with other user and stakeholder groups is necessary. The new EuroFIR data interchange system and the standards behind it will need constant management and further development. This is one of the tasks of the EuroFIR AISBL, a not-for-profit organisation that is continuing the legacy of the EuroFIR project.
